A liquid chromatographic (LC) method was developed for fast and simple measurement of retinyl palmitate (vitamin A) in fortified milk. Retinyl acetate internal standard was added to a test portion of milk followed by extraction into hexane. The hexane extract was analyzed by LC using a normal-phase silica gel column equilibrated with mobile phase (conditioned hexane-isopropanol, 99.85 + 0.15, v/v) about 1 h before injections. The retinyl palmitate concentration was calculated by using a relative response factor determined with calibration standards. In the collaborative study, 11 laboratories analyzed 13 pairs of fluid milk materials in blind duplicate. Twelve of the materials were composed of skim milk (<0.5% fat), 1% fat milk, 2% fat milk, and 1% fat chocolate milk. 
V itamin A, an essential micronutrient, is added to skim (<0.5% fat), low fat (about 1% fat), and reduced fat (about 2% fat) milks by the U.S. dairy industry because the natural level of this vitamin in bovine milks is not sufficient to meet physiological needs in preventing deficiency diseases. The primary roles of vitamin A are differentiation of epithelial cells by direct control of gene expression and protection of the immune system, and in the biochemistry of vision (1, 2) . $-Carotene (provitamin A) contributes to the total vitamin A pool by in vivo synthesis to retinol, although the conversion is not complete in most animals. $-Carotene is not included in the vitamin A assessment of supplemented milks.
The normal level of fortification in processed milk within the United States is 1163 mg/L (2000 IU/qt) of retinyl palmitate, which supplies 40% of the recommended daily intake (RDI; 3). Doses that are too high can lead to a number of toxic effects, although deficiencies are the major health concern. Vitamin A is unstable and can readily degrade even in the protected environment of ultrahigh treatment (UHT) processed milk (4) . Milk is generally fortified with retinyl palmitate, which can be interchangeably referred to as trans-retinyl palmitate, retinol palmitate, and vitamin A palmitate. Other retinyl ester additives (notably retinyl acetate) are not in common use within the United States. The U.S. Food and Drug Administration (FDA), through state agriculture or health departments, regulates the dairy industry to ensure the level of fortification of milk. According to FDA, all fluid milk products that are fortified with vitamin A are allowed to have not less than 100% and not more than 150% of the label claims (5) . This means that the vitamin A levels cannot exceed 1744 mg/L (3000 IU/qt) to be in regulatory compliance for the usual claim of 1163 mg/L (2000 IU/qt). The U.S. federal requirements for laboratories conducting vitamin A analyses are established by FDA in the Pasteurized Milk Ordinance (5) . Laboratories must be accredited. Accreditation includes approval of a statistical data package, review and approval of the methodology that will be used, and participation in the FDA proficiency testing program.
AOAC official methods of analysis for vitamin A involve alkaline digestion of the sample to remove lipid material and convert all esters to free retinol (6) . The method used in this collaborative study used direct extraction of the innate and fortified vitamin A without saponification, which retained the enhanced stability of the esters and facilitated faster turn-around time (10 samples can be prepared in about 30 min). Chromatography was necessarily performed under normal phase conditions to prevent accumulation of co-extracted triglyceride on the column. The method was applied to 4 types of fluid milk matrixes of different fat content. Retinyl acetate is not used in milk fortification and was therefore chosen for the internal standard. It has close physical and chemical properties to retinyl palmitate and elutes at a convenient retention time. Analysis without addition of the internal standard will confirm the absence of underlying interferences in cases of doubt.
For the products with milk fat (1 and 2%) there will be other long-chain esters such as retinyl A stearate, retinyl myristate, retinyl oleate, and retinyl linoleate (7) . Under normal phase conditions these will co-elute with the fortified retinyl palmitate or appear as shoulder peaks. Each has its own geometric isomers but federal legislation does not differentiate between trans-retinyl esters and the less-active cis-isomers, predominantly 13-cis. Therefore, individual isomer identification is not a requirement of the analytical process, although cis-isomers can be readily separated on normal-phase columns (8) . Where they appeared for the analyte or internal standard, they were included in the total area before calculation. The mobile phase was chosen to allow the isomers to elute with the retinyl palmitate peak, so that one peak could be used for quantitation rather than multiple peaks.
Silica columns are very sensitive to the presence of water and are totally deactivated by aqueous mobile phases. For stable chromatography under normal phase conditions the humidity of the mobile phase needs to be carefully controlled. This can be performed by maintaining strictly anhydrous conditions or by standardizing the moisture content of the mobile phase. In this study the latter was used by mixing equal volumes of dry hexane with wet hexane to give 50% saturation.
A similar method was originally reported for liquid milks by Thompson et al. (9) and has been used successfully in the dairy industry for many years. Similarly, the advantages of direct extraction were applied to vitamin A in milk powders and infant formula (10) . The current method was tested by interlaboratory study, which demonstrated it to be suitable for full validation under harmonized protocols.
Precollaborative Study
A precollaborative study was initiated in January 2001 to provide practice analysis by 12 collaborators. All laboratories were sent fortified blind duplicates of skim milk, 1% milk, 2% milk, and 1% chocolate milk. Results were obtained by internal standard calculations. Laboratories were free to use peak area or peak height for calculations. Six laboratories chose to use peak area and 6 chose peak height. Data received from 2 laboratories were considered invalid because of chromatography problems. The statistical results of the valid data, calculated without identification of outliers, are shown in Table 1 .
After the precollaborative sample results were received, Laboratory 8 commented that peak areas should be used for calculations. Because of the Gaussian shape of the peaks, all collaborators were asked to use peak area to calculate their results for the collaborative study samples.
Collaborative Study
Eleven laboratories participated in the collaborative study and analyzed 13 pairs of fluid milk materials in blind duplicate. Twelve of the materials were skim milk (<0.5% fat), 1% fat milk, 2% fat milk, and 1% fat chocolate milk each fortified Approximately 40 mL of material was added to each 50 mL opaque, airtight, sterile, leak-proof, hinged cap, polypropylene vial (Capitol Vial, Inc., Fultonville, NY). The sample vials were numbered A1-A26. Each sequence of samples was distinct from the others. Although vials were labeled identically, the collaborators had no knowledge of the order of the materials contained in the vials. The sample order was randomized both within-and between-laboratories.
Two temperature controls were sent with each shipment. Upon receipt, laboratories reported an acceptable temperature range of 2-8°C. Each participating laboratory was sent portions of retinyl acetate and retinyl palmitate solid standards under nitrogen. They in turn made up their own stock solutions and determined the concentrations using their own spectrophotometers. All analyses were completed within 72 h of receipt of the samples.
Material Preparation
Milk for this study was prepared at the University of Wisconsin, Food Science Department (Madison, WI) by the following procedure: 19.5 kg (43 lb) raw skim milk was weighed into a stainless steel kettle, heated with steam to 71°C (160°F), and held for 30 min to pasteurize the product. The hot pasteurized milk was transferred to the hopper at the intake of a Manton Gaulin homogenizer. The homogenizer was started, and entrapped water was flushed to drain. The valve in tubing connections was turned to allow product to recycle to the hopper. Homogenization pressure was increased so that 176 kg/cm 2 (2500 psi) 2-stage was indicated on the gauge. After a delay of 1 min the control portion for this lot of milk was collected. Next, the vitamin A concentrate (Star Vite A-25, Danisco Cultor, Inc., New Century, KS; vitamin A palmitate 100 000 IU/mL) was added into the recycle stream to give ca 581 mg/L (1000 IU/qt). To further disperse the vitamin concentrate, the contents of the hopper were manually stirred for 30 s. After a delay of about 3 min, during which the homogenizer was continuously operating at 176 kg/cm 2 (2500 psi), the contents of the hopper were stirred manually again for 30 s. The valve was turned so that a 2000 mL portion could be collected in a flask.
This process was repeated for portions containing ca 1163 mg/L (2000 IU/qt) and 2326 mg/L (4000 IU/qt) vitamin A in the skim milk. Milks of higher fat content were blends of skim milk and cream to weigh 19.5 kg (43 lb). Chocolate milk was made from skim milk and cream to 1% milkfat with 0.23 kg (0.5 lb) cocoa mixture and 1.13 kg (2.5 lb) cane sugar. All processing indicated for skim milk, e.g., pasteurization and homogenization at 176 kg/cm 2 (2500 psi), was the same for 1%, 2%, and chocolate milk, except that the chocolate milk had no homogenization pressure, which is the commercial practice when the cocoa mixture contains carrageenan. After each milk was homogenized and portions were collected, the system was rinsed with hot water and flushed to drain until the water ran clear. Milks were poured into 9.5 L (2.5 gal) plastic bags and immediately placed on flat shelving to cool in a walk-in refrigerator at 4°C with rapid air movement. Once all milks were cooled, they were shipped by overnight delivery to the Department of Agriculture in Nashville, TN.
Statistical Analysis
Statistical analyses were based on requirements of AOAC INTERNATIONAL (11) using a blind duplicate model. Intraand interlaboratory results were determined and their acceptability was measured against the HORRAT ratios. Outliers were determined by Cochran and single and double Grubbs tests using a significance level of a = 0.025. 
A. Principle
Retinyl esters (vitamin A) from a 2 mL test portion of milk are extracted into hexane containing retinyl acetate as internal standard. The hydrocarbon extract is analyzed without further processing by LC with UV detection (325 nm) using a normal-phase silica column that is equilibrated with mobile phase of hexane-isopropanol (99.85 + 0.15) under controlled temperature. The concentration of retinyl palmitate is calculated by using a relative response factor determined with calibration standards. 
B. Apparatus

C. Reagents
Note: Allow all prepared standards to reach room temperature before use. , C(n) , to minimize vitamin degradation. BHT will not interfere with absorbance readings at 325 nm. Store stock solutions at 4°C in the dark and discard after 2 weeks.
To determine concentration of this solution, add 1.0 mL with volumetric pipet, B(m), to 25 mL volumetric flask, B(f), and dilute to volume with with isopropanol, C(l). Prepare duplicate dilution. Fill spectrophotometer cuvet, B(l), with diluted stock solution and measure absorbance against isopropanol reference. Take 3 readings of each dilution. Average 6 concordant readings for concentration determination. Calculate concentration of retinyl palmitate as follows:
Retinyl palmitate, mg/mL = R 25 mL g 1 g E I 1 g 100 mL ), for retinyl palmitate at 325 nm (12); I is pathlength of cuvet (cm); 25 mL is the dilution of the stock solution; 10 6 mg/1 g is the conversion of g to mg and 1 g/100 mL is the conversion of % to concentration in g/mL.
Recalculate concentration each time new standard solutions, C(c) and C(f), are made. 
D. Preparation of LC System
Allow mobile phase, C(r), to flow through LC instrument, B(e), for ca 1 h before analyses to equilibrate column and system. Inject one of the standards before injecting actual test extract to ensure clear separation of peaks in chromatogram. When the analysis is performed for the first time, use new or regenerated column.
Regeneration procedure.-This may be necessary after peaks begin to broaden or after 300-400 injections. Reverse column direction. Do not reattach line leading to the detector. Submerge intake of solvent delivery system into the following reagents and pump them through the system at a flow rate of 1 mL/min for the times specified: Methylene chloride, C(o), for 33 min; regenerant solution, C(m), for 15 min; methylene chloride, C(o), for 33 min; mobile phase, C(r), for 15 min. At the conclusion, reorient the column in the correct direction. Do not reattach end of line leading to the detector. Flush solvent delivery system and column with mobile phase, C(r), for minimum of 2 h at 1 mL/min. Reconnect detector end of column and inject mixed calibration standard, C(g), that contains ca 1163 mg/L (2000 IU/qt) retinyl palmitate. There should be resolution of palmitate and acetate peaks, and chromatogram should have no additional major peaks above 10% of peak height of the compound of interest. If additional peaks are present, continue flushing column with mobile phase, C(r), for additional 1-2 h; then inject the same mixed calibration standard again.
Alternate column regeneration procedure.-Reverse column direction. Do not reattach line leading to the detector. Submerge intake of solvent delivery system into the following reagents and pump them through the system at a flow rate of 1 mL/min for the times specified: 2.5% 2,2-dimethoxy-propane, C(t), for 10 min; 2.5% glacial acetic acid, C(s), in hexane, C(p), for 10 min; hexane, C(p), for 10 min; methylene chloride, C(o), for 10 min; isopropanol, C(l), for 10 min, methylene chloride, C(o), for 10 min; mobile phase, C(r), for 10 min. At the conclusion, reorient the column in the correct direction. Do not reattach end of line leading to the detector. Flush solvent delivery system and column with mobile phase, C(r), for minimum of 2 h at 1 mL/min. Reconnect detector end of column and evaluate by injecting mixed calibration standard, C(g), as described above.
E. Extraction
Purge all volumetric flasks, B(f), and centrifuge tubes, B(i), with N 2 before usage.
Using volumetric pipets, B(m), transfer 2.0 mL milk into a N 2 -purged 50 mL centrifuge tube, B(i), followed by 5.0 mL retinyl acetate internal standard solution in ethanol, C(h), into same centrifuge tube. Prepare matrix blank in same manner, but add 5.0 mL 100% ethanol, C(k), instead of the internal standard solution. Mix on a Vortex mixer, B(c), for 30 s. Let mixture stand for 5 min. Using volumetric pipet, B(m), add 5.0 mL hexane, C(p). Mix on a Vortex mixer, B(c), for 30 s. Let mixture stand for minimum of 2 min. Repeat mixing and standing 2 more times. Pipet 3 mL DI water, C(i), into centrifuge tube, B(i). Mix on a Vortex mixer, B(c), for 5 s (not longer). Centrifuge, B(d), for 10 min at ca 633´g. Transfer contents of hexane layer (top organic layer) into amber sample vial, B(k), for LC, B(e), analysis. In case of emulsion formation when the hexane layer is not well separated, recentrifuge.
F. Chromatography
Set mobile phase, C(r), flow rate to 1 mL/min. Set wavelength at 325 nm. Maintain column at constant temperature ±2°C. Inject 100 mL of each calibration standard solution, C(g). Calibration curve should be linear. Separation between the retinyl palmitate and retinyl acetate peaks should be >0.5 min. Inject 100 mL of all test extracts twice. Calculate the average response of the 2 injections.
G. Calculations
Use peak area for all calculations. (c) Variation of more than ±2°C in column temperature can cause changes in peak retention and result in lower recovery. It is critical that column temperature be maintained at a constant level. A column temperature controller may be necessary if variation in room temperature cannot be controlled.
(d) In E it is important to mix on a Vortex mixer, B(c), for 30 s and to have a waiting period of a minimum of 2 min during hexane extraction and 5 min during water extraction.
(e) The concentration of vitamin A stock standard must be determined immediately after the solution is prepared. After the determination, promptly stabilize the solution with BHT, C(n), to prevent decomposition. When stored properly, the solution will remain stable for at least 2 weeks. BHT will not interfere with subsequent assays of the solution.
(f) Vitamin A is sensitive to light of all forms. Use actinic glassware, nitrogen, C(j), and reduced light intensity. Store prepared standards and samples in the dark at 4°C.
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Results and Discussion
Standard and sample chromatograms are shown in Figures 1 and 2 , respectively. The front-end shoulder of palmitate in Figure 1 (the standard) suggests a cis-isomer. Isomers and other long-chain esters will co-elute with the retinyl palmitate or appear as shoulder peaks.
Results received from the 11 laboratories are shown in Table 2. Laboratory 6 reported an average relative response factor (ARRF) of 1.7210 caused by an error in the preparation of the standards. Therefore, the results were invalid and were not included in the statistical analysis. All of the ARRFs from the other collaborators were close to the theoretical value of 1.00, obtained when concentrations of the standards were calculated as international units (IU) per quart (qt). 
Recommendation
The Study Director recommends that this method for determination of retinyl palmitate in fluid milk by liquid chromatography be adopted First Action. 
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